The primary objective of this study was to use macroscopic and histological features of corpora lutea with a cavity and anovulatory cystic ovarian structures, present in 90 pairs of abattoir-derived dairy cow ovaries, as the basis to clarify the nomenclature of ovarian structures. Excluding morphologically normal ovarian follicles (antrum < 2 cm, wall < 1 mm), there were 27 fluid-filled ovarian structures. Ovulatory structures > 16 mm in diameter were designated as Group A (cavity ≤ 10 mm and wall > 10 mm) or Group B (cavity > 10 mm and wall < 10 mm). The volume of luteal tissue was less (P < 0.05) in Group B than in Group A, whereas that of a solid corpus luteum (CL) was intermediate (least square means ± SEM: 72 ± 1.92, 11.22 ± 1.57 and 5.84 ± 1.92 cm 3 , respectively). There was a greater proportion (P < 0.05) of small luteal cells in Group B compared to a solid CL, whereas Group A was intermediate (58.6 ± 5.3, 37.4 ± 5.3 and 44.0 ± 4.4%, respectively). Connective tissue was thicker (P < 0.05) in Group B than in Group A (295.4 ± 46.9 vs. 153.9 ± 38.2 μm). Based on the above-mentioned characteristics and differences, Groups A and B were designated as a CL with a cavity and a cystic CL, respectively. Furthermore, there were three groups of anovulatory ovarian structures. Structures in Group C were termed persistent/anovulatory follicles (overall diameter and wall thickness ≤ 20 and 1-3 mm, respectively). Finally, Groups D and E were designated as a follicle-fibrous cyst and a follicle-luteinised cyst (based on histological structure) for anovulatory structures with an overall diameter and wall thickness of ≥ 20 and ≤ 3 mm, and ≥ 20 and ≥ 3 mm, respectively.
The primary objective of this study was to use macroscopic and histological features of corpora lutea with a cavity and anovulatory cystic ovarian structures, present in 90 pairs of abattoir-derived dairy cow ovaries, as the basis to clarify the nomenclature of ovarian structures. Excluding morphologically normal ovarian follicles (antrum < 2 cm, wall < 1 mm), there were 27 fluid-filled ovarian structures. Ovulatory structures > 16 mm in diameter were designated as Group A (cavity ≤ 10 mm and wall > 10 mm) or Group B (cavity > 10 mm and wall < 10 mm). The volume of luteal tissue was less (P < 0.05) in Group B than in Group A, whereas that of a solid corpus luteum (CL) was intermediate (least square means ± SEM: 72 ± 1.92, 11.22 ± 1.57 and 5.84 ± 1.92 cm 3 , respectively). There was a greater proportion (P < 0.05) of small luteal cells in Group B compared to a solid CL, whereas Group A was intermediate (58.6 ± 5.3, 37.4 ± 5.3 and 44.0 ± 4.4%, respectively). Connective tissue was thicker (P < 0.05) in Group B than in Group A (295.4 ± 46.9 vs. 153.9 ± 38.2 μm). Based on the above-mentioned characteristics and differences, Groups A and B were designated as a CL with a cavity and a cystic CL, respectively. Furthermore, there were three groups of anovulatory ovarian structures. Structures in Group C were termed persistent/anovulatory follicles (overall diameter and wall thickness ≤ 20 and 1-3 mm, respectively). Finally, Groups D and E were designated as a follicle-fibrous cyst and a follicle-luteinised cyst (based on histological structure) for anovulatory structures with an overall diameter and wall thickness of ≥ 20 and ≤ 3 mm, and ≥ 20 and ≥ 3 mm, respectively.
Key words: Corpus luteum, ovary, ovarian cyst, cystic ovaries, dairy cattle There has been a lack of consistency in terminology used to designate fluid-filled ovarian structures (other than physiological follicles). Clinical diagnosis of these structures was historically done by transrectal palpation, although more recently transrectal ultrasonography has also been used. Some histological studies have been done, but apparently a contemporaneous comparison of ultrasonographic and histological features has not been reported. The nomenclature and characteristics of these structures are shown in Table 1 .
A key characteristic of fluid-filled ovarian structures is whether they are ovulatory or anovulatory. Regarding the former, it was previously reported (Kastelic et al., 1990b ) that 79% of corpora lutea had a fluid-filled central cavity. Although a corpus luteum (CL) with a cavity is often regarded as nonpathological with progesterone production similar to that of a solid CL (Kito et al., 1986; Carroll et al., 1990; Kastelic et al., 1990a,b; Assey et al., 1993; Foley, 1996; Garcia and Salaheddine, 2000; Hanzen et al., 2000; Perez-Marin, 2009 ), other authors disagree with this (Zöldág, 1984; Grygar et al., 1997; Gábor et al., 2004) . The area of luteinised tissue was not significantly different between corpora lutea with or without a cavity (Kastelic et al., 1990b) , but that assessment was based on a two-dimensional image. However, a more physiological assessment would be based on luteal tissue volume, which varies according to the third power of the radius (r 3 ). Anovulatory ovarian cysts are commonly defined as fluid-filled structures ≥ 20-25 mm in diameter that persist > 10 days in the absence of a CL (Gümen and Wiltbank, 2002; Brito and Palmer, 2004; Vanholder et al., 2006; Parkinson, 2009) . Furthermore, these structures have been categorised according to the degree of luteinisation of the wall. In addition, a single ovarian structure, 8 to 15 mm in diameter that persisted for at least 7 days in the absence of a CL, was defined as a persistent follicle (López-Gatius et al., 2001) . Apparently, these latter structures have not been well characterised.
The primary objectives of the current study were to describe the macroscopic and histological features of corpora lutea with a cavity and anovulatory cystic ovarian structures, and to use these morphologic examinations to clarify the nomenclature.
Materials and methods

Categorisation of abattoir-derived ovaries
Ovaries were collected from 90 nonpregnant dairy cows at an abattoir within 4 h after death. No ante mortem data regarding reproductive history were available. Ovaries were placed in a water-bath and imaged with a B-mode ultrasonographic scanner with a 6-8 MHz linear-array transducer (Pie Medical, Maastricht, The Netherlands). Morphologically normal ovarian follicles with a diameter < 2 cm and wall thickness < 1 mm (Singh and Adams, 2000) were excluded. Ovarian structures selected for this study included follicles with a wall thickness ≥ 1 mm and all structures with luteal tissue and a fluid-filled cavity at least 2 mm in diameter. These structures were categorised as described (Table 2 ).
All luteal structures with a visible ovulation papilla were designated as being ovulatory, whereas those without an ovulation papilla were designated as anovulatory. In addition, four solid corpora lutea (without a cavity) were also examined.
Ultrasonographic examinations and calculations
During ultrasonographic examinations, images were frozen and recorded. For all structures, the average maximal diameter of the overall structure, and a cavity (if present) were determined based on frozen ultrasonographic images measured with internal callipers. For ovulatory structures with a cavity, overall volume and volume of the cavity were calculated (volume = 4/3 × Pi × radius 3 ); the difference was the volume of luteal tissue. For the four solid CL, the same formula was used to calculate luteal tissue volume.
Macroscopic examinations and preparation of histological slides
Digital images were made of intact structures; thereafter, they were opened by cutting with a surgical blade. Opened structures were placed in 4% formaldehyde solution for at least 24 h, trimmed, routinely embedded in paraffin, and sectioned. Histological slides were prepared and stained with haematoxylin and eosin, Azan blue and Gömöri silver impregnation (Krutsay, 1980) .
Histological descriptions
Histological descriptions were based on the examination of slides with conventional bright-field light microscopy and specialised image-analysis software (CellD, Soft Imaging System GmbH, Münster, Germany). Various aspects of ovulatory and anovulatory structures were determined, as shown in Fig. 1 . For ovulatory structures, 10 microscopic fields were examined (× 400 magnification) between Zones 2 and 4 (Fig. 1) . The thickness of the connective tissue layer (between the cavity-side of the wall and the first active luteal cell) was measured (20 locations in 10 microscopic fields at × 200 magnification), and the number of large and small luteal cells, fibroblasts/fibrocytes and pycnotic cells were counted. In that regard, luteal cells were classified morphologically, as described (O'Shea et al., 1989; Smith et al., 1994) . Large luteal cells were large (diameter > 20 μm) with light cytoplasm and a spherical, large nucleus (diameter > 10 μm) with prominent nucleoli. Small luteal cells were < 20 μm in diameter and darker, with pink cytoplasm and an euchromatic nucleus (< 10 μm). Fibroblasts/fibrocytes were cylindrical cells with a dark and cylindrical nucleus. All cells with a dark cytoplasm and nucleus were deemed pycnotic. Histological analysis of anovulatory structures was done as shown in Fig. 1 . Table 1 Classification and definition of ovarian structures by different authors Zemjanis (1970) McEntee ( anovulatory, thin walled, partial luteinisation of the wall (theca interna) > 2-2.5 cm in diameter, < 3 mm wall thickness, < 1 ng/ml P4, anovulatory > 2.5 cm in diameter, < 3 mm wall thickness, persists, anovulatory A n = 6 > 1.6 ≤ 1 > 10 Yes B n = 4 > 1.6 > 1 < 10 
Statistical analyses
A mixed model analysis of variance (ANOVA) was used to compare, among Groups A to E, overall diameter, cavity diameter, and wall thickness. If there was an effect of group (P < 0.05), a least significant difference (LSD) test was used to locate differences. In addition, the same analysis was used to compare, among solid CL and Groups A and B, luteal tissue volume and numbers of small luteal cells, large luteal cells, fibroblasts/fibrocytes, and pycnotic cells. Furthermore, for each cell category, the proportion of the total number of cells 
Results
Measurements
There were differences among solid CL and Groups A to E for overall diameter, cavity diameter, and wall thickness (P < 0.0001 for each; Table 2 ). The volume of luteal tissue was less (P < 0.05) in Group B than in Group A, whereas a solid CL was intermediate (Table 3) . Table 3 Ultrasonographic measurements of ovarian structures 
Means without a common superscript within a row differ significantly (P < 0.05)
There was a greater proportion (P < 0.05) of small luteal cells in Group B compared to a solid CL, whereas Group A was intermediate (58.6 ± 5.3, 37.4 ± 5.3 and 44.0 ± 4.4%, respectively; Table 4 ). There were also differences in the numbers of fibroblasts/fibrocytes and pycnotic cells (P < 0.05 for each). Finally, connective tissue was thicker (P < 0.05) in Group B than in Group A.
Histological descriptions
Ovulatory structures. In Group A (CL with cavity ≤ 1 cm and a wall > 1 cm), ultrasonographically there was a clear demarcation between the dark fluid-filled cavity and the homogeneous luteal tissue (Fig. 2a) . Overall, the macroscopic appearance of Groups A and B (CL with a small or large cavity, respectively) was similar to that of a solid CL. Sometimes a small fibrin-filled vesicle connected directly to the cavity was visible on the surface of the papilla. When the structures were opened, the luteal tissue appeared similar to a solid CL, but all cavities were lined with shiny, grey tissue (Fig. 2b) that was well capillarised (cavity wall with connective tissue, CWCT -Zones 1 and 2). Histologically, there were two major layers of the CWCT (Fig. 3a) detected by Azan staining: (a) collagen fibres in the innermost CWCT and, among these fibres, pycnotic cells or cellular debris (Zone 1); (b) well-capillarised fibrous connective tissue with some normal luteal cells (Zone 2). Table 4 Least square means and SEM (in parentheses) of histological characteristics and luteal tissue volume of luteinised ovulatory structures, including solid CL, Group A (cavity < 1 cm, wall > 10 mm) and Group B (cavity > 1 cm, wall < 10 mm)
Solid CL (n = 4) Group A (n = 6) Group B (n = 4) Means without a common superscript within a row differ significantly (P < 0.05)
Under the CWCT, there was a layer of functional luteal cells (similar to a solid CL), albeit with more pycnotic and less mitotic cells (Zone 3). Reticular fibres, similar to a solid CL, were detected in sections stained with Gömöri silver impregnation. Furthermore, in some structures from Groups A and B, there were connective tissue trabeculae, similar to those in a solid CL, present within the luteal tissue. At the margins of the structures (Zone 4), many fibroblasts and fibrocytes were surrounded by loosely organised connective tissue. In Group B (CL with cavity > 1 cm and wall < 1 cm) the lumen was surrounded by a thick connective tissue layer (Figs 3a and 3b) , with a thinner active luteal cell layer than in Group A (Fig. 4a) . Overall, other structural characteristics were similar to Group A (Figs 4b and 4c) . 
Anovulatory structures
Group C. These were fluid-filled structures < 2 cm in diameter, but with a thick, grey wall (1-3 mm, Fig. 6a ). The inner wall of these structures was lined by a thin layer (1-2 mm) of shiny, grey tissue. This tissue was well vascularised, but no yellow layer was detected (Fig. 6b) . In some of these structures, there were two or three layers of granulosa cells on the inner side of the cavity. The basal membrane was recognisable, and underneath there was an active theca ina b a b terna (6 to 8 layers), but no luteinisation was detected. The theca externa, which contained well-organised connective tissue, was well vascularised. Group D. These structures were anovulatory, with a diameter > 2 cm and a wall thickness < 3 mm. Ultrasonographically, they had a large fluid-filled cavity with a grey wall (Fig. 7a) . Macroscopically, they were fluid-filled grey structures with a smooth surface. In some cases, a few yellow spots were present on the inner wall (Fig. 7b) . Although the macroscopic and ultrasonic appearance of these phenomena was very similar, histologically there were two distinct types: Type 1: The layers were clearly demarcated. The wall was usually 6-8 layers (sometimes less), although the granulosa layer was sometimes exfoliated. If the granulosa layer was intact, cells were active but non-luteinised. The basal membrane was usually visible but sometimes it was broken. All theca layers were well-vascularised; active, hormone-secreting cells were present in the theca interna, but the frequency of luteinised cells was low. Theca layers usually consisted of many fibroblasts, capillaries and unorganised connective tissue (sometimes with finer filaments).
a b a b
Type 2: The lumen was lined with a thick layer of collagen filaments, with only a few granulosa cells present.
Group E. These were non-ovulatory structures with a diameter > 2 cm and a wall > 3 mm thick. Ultrasonographically, they were similar to Group D structures, but their wall was thicker, and occasionally dark-grey extensions into the cavity were visible (Fig. 8a) , perhaps representing partial detachment (protrusion) of the wall, attributable to proliferation of luteal tissue. The outer surface was smooth, with a yellow or partly yellow wall, but no ovulation papilla (Fig. 8b) . Histologically, there were parallel reticular fibres (connective tissue) around the inner wall of the cavity (detected by Gömöri silver impregnation and Azan staining). These fibres penetrated into the luteinised cell layer, but less regularly than in Groups A or B (no trabeculae were detected; Fig. 5 ). The theca interna and granulosa layers were not distinguishable; only luteinised cells (mainly large luteal cells) in approximately 15 cell layers were detected. No basal membrane was present, and the outside wall was formed by a theca externa, with fibroblasts and capillaries. 
Discussion
In the present study, on the basis of the presence or absence of an ovulation papilla, ovarian structures were defined as either ovulatory (solid CL and Groups A and B) or anovulatory (Groups C, D and E). Overall, Groups A and B were similar in diameter, although by definition, cavity diameter was smaller but the wall was thicker in Group A than in Group B. Group C had the smallest overall diameter of the anovulatory structures, with a wall thickness not significantly different from that in Group D.
a b
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It was noteworthy that the proportion of small luteal cells was significantly greater in Group B than in solid CL (Group A was intermediate). It was previously reported (Kastelic et al., 1990a ) that 79% of corpora lutea had a cavity at some time during the oestrous cycle; these cavities were first apparent approximately 3 to 5 days after ovulation, and reached a maximum diameter approximately 5.5 to 7.0 days after ovulation. Since all cavities disappeared over time, we inferred that, on average, large cavities would be the youngest luteal structures, a solid CL would be the oldest, and a small cavity would be intermediate. That Group B structures had the largest proportion of small luteal cells was consistent with the prediction that they were the youngest luteal structures, since it is well established that some small luteal cells become large luteal cells over time (Alila and Hansel, 1984; O'Shea et al., 1989; Lopez-Diaz and Bosu, 1992) . Furthermore, the present findings were consistent with a previous report (Okuda et al., 1988) of more small luteal cells in a CL with a cavity than in a solid CL.
Connective tissue thickness was significantly less in Group A than Group B. Connective tissue forms after differentiation of granulation tissue (formation of collagen and elastic fibres) from the adventitia of blood vessels (Kissane et al., 1985; van Sickle et al., 1993) . Perhaps the connective tissue lining the cavity was due to post-ovulation proliferation and response to tissue damage due to hydrostatic pressure of the liquid. In that regard, Group B structures, with their larger cavities, would be expected to have more damage and consequently more connective tissue. Furthermore, between the fibres of connective tissue layers, there were some damaged luteal cells.
Luteal tissue volume of Group A structures was significantly larger than that of Group B. In a previous study (Kastelic et al., 1990b) , there was no significant difference between luteal tissue area in corpora lutea with or without a cavity. However, that previous assessment was based on a two-dimensional image, whereas the present study compared luteal tissue volume, which should be a more physiological assessment, as volume varies according to the third power of the radius (r 3 ). There are conflicting reports regarding differences in blood progesterone concentrations in cattle with a solid CL versus a CL with a cavity. In some studies, there was no significant difference (Kito et al., 1986; Kastelic et al., 1990a,b; Veronesi et al., 2002) , although there is one report of a difference (Simoes et al., 2007) . However, the statistical power to detect real biological differences may have been low due to the blood sampling regimens used (typically a single sample per animal). Furthermore, although most authors stated that a CL with cavity maintained pregnancy (Kito et al., 1986; Carroll et al., 1990; Kastelic et al., 1990a,b; Assey et al., 1993; Foley, 1996; Garcia and Salaheddine, 2000; Hanzen et al., 2000; Perez-Marin, 2009) , others concluded that the presence of a cavity had deleterious effects on the cycle and on fertility (Zöldág, 1984; Grygar et al., 1997; Gábor et al., 2004) . Furthermore, in another study, the presence of a cavity increased the probability of late embryonic loss (Hatvani et al., 2009 Group A structures had an ultrasonographic morphology similar to a solid CL, except that they also had a non-echodense cavity < 1 cm diameter with a limited layer of connective tissue surrounding the cavity, and a wall at least 10 mm thick. Therefore, we suggest that these structures should be designated as a CL with a cavity. In contrast, we suggest that Group B structures, with a cavity > 1 cm, a well-marked CWCT, and total wall thickness < 10 mm, should be designated as cystic CL, consistent with a similar, previous assertion (McEntee, 1990) .
By definition, anovulatory structures are follicles that failed to ovulate. Although the exact pathogenesis of failure to ovulate is unknown, the general consensus is that there is hypothalamic-pituitary dysfunction (Garverick, 1997; Gümen and Wiltbank, 2002; Vanholder et al., 2006) . Classification of these structures is usually based on their size, persistence, blood progesterone concentrations, and absence of a concurrent CL (Calder et al., 2001; Gümen and Wiltbank, 2002; Brito and Palmer, 2004; Vanholder et al., 2006; Parkinson, 2009) . Isobe et al. (2005) allocated cystic follicles into two groups, based on the presence or absence of granulosa cells. Boos et al. (1988) distinguished folliculartheca and follicular-luteinised cysts, based on the macroscopically visible, continuous thick layer of luteal tissue in the latter.
Ultrasonographic and histologic appearances of phenomena in Group C (diameter < 2 cm, wall 1-3 mm, and no ovulatory papilla) were somewhat similar to a normal follicle. However, their thicker wall consisted mainly of connective tissue, and only a few (or no) granulosa cell layers and no luteal cells. Based on these attributes, these structures were consistent with anovulatory/persistent follicles previously reported. In that regard, López-Gatius et al. (2001) described the negative effects of persistent follicles, whereas Bigelow and Fortune (1998) reported higher blood concentrations of 17-beta-oestradiol produced by persistent versus normal dominant follicles. Furthermore, Ahmad et al. (1995) suggested higher rates of early embryonic losses due to elevated 17-beta-oestradiol concentrations.
Phenomena in Group D (diameter > 2 cm, wall < 3 mm, no ovulatory papilla) also had similar macroscopic structure as follicles; however, differences included size, wall thickness and the presence of yellow spots on the inner side of the wall. Histologically, they either had layers similar to those in a follicle (with some luteinised cells in the theca interna layer) or their wall consisted of only some desquamated granulosa cells and thick connective tissue (Types 1 and 2, respectively). Acland (2001) described cysts with partial luteinisation in the theca cell zone, similar to our Type 1 cysts. Furthermore, it was reported (McEntee, 1990 ) that in the later stages of cyst formation, granulosa cells undergo pycnosis and karyorrhexis and slough into the cyst cavity, then theca interna cells undergo pycnosis with subsequent fibrosis of the cyst wall; it was noteworthy that these descriptions were similar to Type 2 cysts in our examinations. Perhaps the presence of luteal tissue accounts for regression of some of these structures following a single prostaglandin treatment, as reported recently (Hatvani et al., 2013) . A categorisation of cysts similar to ours was made by Bamberg et al. (1981) . Nakama (1976) and Braw-Tal et al. (2009) described three types of anovulatory, non-luteinised cysts, similar to the present findings, but including a type which was intermediate between the two stages described in the present study. Although these structures are usually termed as 'follicular cyst', to make it clear that not only this type of cyst is forming from anovulatory follicles, and based on the substantial presence of connective tissue fibres, the term 'folliclefibrous cysts' is suggested.
Large anovulatory cysts with almost continuous luteinisation in their wall (visible by ultrasound and also macroscopically) had a completely different histological structure than other anovulatory cysts (Group E: diameter > 2 cm, wall > 3 mm, no ovulation papilla). Their microscopic appearance was more similar to a CL; collagen fibres around the cystic cavity penetrated into the luteinised cell layer, but less regularly (no trabecules) than in ovulatory structures. Luteinised cells were primarily large luteal cells, but a few small luteal cells were also present. Boos et al. (1988) reported compact luteal tissue patches of various size and shape deep in the layers of the cyst. Nakama's (1976) Type IV cysts, Bamberg et al.'s (1981) Type III cysts and Acland's (2001) anovulatory luteinised cysts were similar to our group E structures (only theca layers were present, in a highly luteinised form). Similar histological layers in luteinised cysts were also reported by Hundschell (1978) , Leidl et al. (1979) and Peukert-Adam (1981) . In a CL, small luteal cells (of thecal origin) are believed to ultimately develop into large luteal cells. The presence, in the luteinised theca layer, of luteinised follicular cyst of cells identical to large luteal cells of the CL might be explained by the potential capacity of small luteal cells to transform into large luteal cells. Similar comparisons between CL and highly luteinised cysts were made by Zöldág et al. (1986) ; they concluded that a follicular-lutein cyst had the same evolution as a CL. Therefore, based on their anovulatory status and substantial luteinised cell content, we suggest that designating these structures as a 'follicle-luteinised cyst' is more appropriate than designating them as a luteal cyst.
The high prevalence of fluid-filled structures in bovine ovaries (Balogh et al., 2012) and the inconsistency in terminology provide ample justification for further investigations and refinement of terminology. Macroscopic, ultrasonographic, and histological features should help in categorising these structures. The presence (and thickness) of the connective tissue layer around a central cavity may be due to persistence of the structure. Differences in cell distribution (small luteal cells, fibroblasts/fibrocytes, pycnotic cells), connective tissue thickness and luteal tissue volume were consistent with differentiation of CL with cavity and cystic CL. Due to several transient forms, differentiation of nonovulatory phenomena is more difficult, but (1) the absence of an ovulation papilla, (2) overall diameter and (3) wall thickness should provide criteria that
